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Abstract 
In this work we conducted a comparison study of our n-type PERT (BiSoN) and IBC (ZEBRA) cell technologies. We 
investigated the effect of material quality and base resistivity on the performance and efficiency potential of the two device 
architectures. We observed only a slight efficiency variation (less than 3%relative) for wafer bulk lifetimes ranging from 1.2-6.5 ms 
and base resistivities from 2-9 cm, with no significant difference between the n-PERT and the IBC concept. We achieved cell 
efficiencies, as high as 20.4% for BiSoN concept and 21.5% for ZEBRA on 15.6×15.6 cm2 n-type Cz Si wafers. Additionally, we 
demonstrated that both cell concepts have a high bifacial performance, both at cell and module level. 
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1. Introduction  
In recent years n-type based silicon solar cells have received growing attention from many cell manufacturers due 
to their high efficiency potential. Many former challenges such as the formation of boron emitters, the passivation 
and metallization thereof, are basically overcome. Recently developed methods for surface passivation and 
metallization of boron emitters offer the flexibility to process n-type cells with high efficiency at cost competitive 
way in industrial production. Companies such as SunPower, Panasonic, Yingli, PVGS, Neosolarpower and LG are 
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already producing n-type cells and modules for many years. Among the n-type cell concepts with high efficiency 
potential under industrial production are PERT [1-3] and IBC architectures [4]. 
In this study we fabricated several batches of n-PERT (Passivated Emitter Rear Totally diffused, hereafter BiSoN) 
and IBC (Interdigitated-Back-Contact, hereafter ZEBRA [5, 6]) cells and investigated the effect of material quality 
and base resistivity on the cell performance and discuss the difference between the two device architectures. 
Additionally, we demonstrated that both BiSoN and ZEBRA cell concepts have a high bifacial performance, both at 
cell and module level, which significantly boost the energy yield as compared to the conventional cells and modules. 
2. Experiment 
We fabricated the two cell concepts on 6-inch n-type Cz-Si substrates. Both BiSoN and ZEBRA cells are 
designed and developed to use industrially available techniques for mass production such as conventional diffusion 
processes (i.e., POCl3 and BBr3), PECVD deposition, screen printing and firing-through metallization. In fact, they 
both share similar process steps and equipment, with only few specific process steps that differentiate them, as 
shown in table 1.  
     Table 1. Additional and specific process steps necessary to fabricate BiSoN and ZEBRA cells. 
n-PERT (BiSoN) IBC (ZEBRA) 
Edge isolation PECVD masking 
 Laser patterning 
Screen printing for 
interconnection 
 
 
For an IBC structure choosing the right device architecture and metallization layout is an important prerequisite to 
ensure optimum cell performance. Interdigitated n+ and p+ regions on the back side are designed to be in the order of 
hundreds of microns or millimetres to easily facilitate industrial patterning techniques, such as laser ablation and 
screen printed metallization. Thus the minority carrier collection over the BSF regions can be significantly reduced, 
as they have to diffuse longer distances to reach the emitter. To improve carrier collection efficiency the ZEBRA cell 
concept was designed to use a floating p+ emitter on the front side. Under operation conditions the floating front 
emitter (FFE), which is covering the entire front surface, efficiently collects the minority carriers generated in the 
bulk above the base regions and re-injects them back into the bulk above the emitter region. A similar device 
structure has been recently presented by Cesar et al. [7]. Figure 1 shows a schematic cross-section of our BiSoN and 
ZEBRA cells. 
 
 
 
 
 
 
Fig. 1. Schematic cross-section of the two solar cell concepts investigated in this study: the BiSoN cell concept (left), and the ZEBRA cell 
concept (right). 
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3. Results 
3.1. Effect of material quality and base resistivity 
To better understand the role of material quality on cell performance we fabricated BiSoN and ZEBRA cells, in 
the same batch, using a set of n-type wafers with different base resistivity and bulk lifetimes. Table 2 shows the 
different material groups used in the experiment. The resistivity values are measured on selected wafers from each 
group after a high temperature annealing step to dissolve thermal donors whereas the bulk lifetime values are given 
by the supplier.  
                        Table 2. Base resistivity and bulk lifetime of the wafers used in this study. 
Group Base resistivity (cm) Bulk lifetime (ms) 
A 2.3 1.25 
B 
C 
D 
E 
2.5 
5.3 
7.9 
9.2 
1.87 
2.07 
6.49 
1.64 
 
Figure 2 shows the relative efficiency variation as a function of bulk lifetime and base resistivity for BiSoN and 
ZEBRA cells. Since the FF values of the two cell concepts are not measured under the same setup configurations 
(different chuck and contact pins), the JSC×VOC product is also given as comparison in Figure 2. As depicted in the 
figure, both cell concepts show only a very slight dependence on resistivity and bulk lifetime. This is particularly 
impressive for ZEBRA (IBC) cell concept, which usually requires high lifetime substrates. The reason that the 
ZEBRA cells perform comparably to BiSoN cells for relatively low lifetime material is due to its FFE concept, as 
explain in [7]. It should be noted that the slight decrease in efficiency for the wafers with the highest lifetime (group 
D) is a result of higher series resistance of the bulk, which reduces the FF. High lifetime material was available only 
for high base resistivity. This is indeed confirmed, for both cell concepts, by the JSC×VOC product. Based on the 
results from Figure 2, a wide range of materials can lead to the same level of cell performance for both cell concepts. 
The wide range of choice of wafers would be very beneficial for mass production.      
 
 
Fig. 2: Relative efficiency variation and JSC×VOC product as a function of bulk lifetime (left) and base resistivity (right) for our BiSoN and 
ZEBRA cell concepts. 
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3.2. Comparison of cell performance 
Table 3 shows the parameters of the best cells fabricated so far in our laboratory. All cell results presented in this 
study are measured under AM1.5G flash tester with 120 ms pulse length (i.e., suitable to measure high efficiency 
solar cells) and calibrated against a certified ISE Callab reference cells of the same type as the measured cells. As 
can be seen from the best results, the BiSoN cells reached an efficiency of 20.4% whereas the best ZEBRA cells 
were 21.5%. The achieved efficiency of 21.5%, being 1.1%absolute higher than BiSoN, is remarkable for the ZEBRA 
cell concept fabricated using conventional gas diffusions, PECVD SiNx, firing-through metallization, and with only 
minimum additional process steps as compared to BiSoN (see table 1).  
 
Table 3. Parameters of our best fabricated BiSoN and ZEBRA cells measured on a non-reflective (black) chuck, under AM1.5G 
spectrum. For a reflective chuck surface, as typically reported throughout the industry, these efficiencies values improve by a typically 
0.2% absolute due to high bifaciality of our cells.    
 
Cell type 
area 
[cm2] 
JSC 
[mA/cm2] 
VOC 
[mV] 
FF 
[%] 
K 
[%] 
n-PERT (BiSoN) 239 39.5 654 79.0 20.4 (20.6*) 
IBC (ZEBRA) 239 41.1 654 80.2 21.5 (21.7*) 
*Estimated values on a reflective chuck 
 
To demonstrate the potential and reproducibility of the process, we have collected the results of several 
fabrication batches of BiSoN and ZEBRA cells in our laboratory and summarise them in figure 3. This includes cells 
processed using wafers from different suppliers and base resistivities, as well as slight process variations (e.g., firing 
optimizations). In total more than 300 ZEBRA cells and more than 400 BiSoN cells are statistically compared in 
figure 3.  As can be seen from the figure, the efficiency gain for the IBC (ZEBRA) cells, as compared to n-PERT 
(BiSoN) arise mainly from the improvement in JSC (doe to no optical shadoing), with no clear advantage in VOC and 
only marginal benefit in FF. ZEBRA cells show in average 0.85%absolute efficiency gain over the BiSoN cells. A 
similar comparison has been reported by Ali et al., [8].      
 
 
Fig. 3: Statistical comparison of cell parameters from several laboratory fabrication batches of BiSoN and ZEBRA cells, in total more than 300 
cells of each concept. 
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3.3. Bifacial performance of the two cell concepts  
Another aspect of our cell concepts that deserve consideration is their bifaciality. While the n-PERT (BiSoN) cell 
structure is an obvious bifacial cell, our IBC (ZEBRA) concept uses also an open grid layout on the back side (as 
seen in figure 1), resulting in a bifacial cell. Table 4 shows the typical bifacial performance of the two cell concepts. 
For BiSoN the bifacial ratio is more than 87%. Note that, due to measurement limitations (in our chuck) when 
measuring IBC cells, only the JSC values could be reliable measured when illuminating the rear side of the cell. 
Nevertheless a bifacial ratio (JSC(rear)/JSC(front)) of 74% is typically achieved for the ZEBRA cells.  
     
Table 4: Typical bifacial performance of our n-PERT (BiSoN) and IBC (ZEBRA) cells measured on a non-reflective (black) chuck, 
under AM1.5G flash tester, with front or rear side illumination.  
Cell type illumination 
JSC 
[mA/cm2] 
K 
[%] 
Pmax 
[W] 
Bifaciality 
[Prear/Pfront] 
n-PERT (BiSoN) 
front 39.3 20.1 4.8 
0.875 
rear 34.7 17.6 4.2 
IBC (ZEBRA) 
front 40.8 20.9 5 
0.74 
rear 30.5 N/A (15.6*) N/A (3.7*) 
*Estimated from JSC(rear)/JSC(front) 
 
To better demonstrate the bifacial benefits of the two cell concepts, we have fabricated 4-cell mini-modules with 
transparent and a black backsheet (BS). Both BiSoN and ZEBRA cells were interconnected in the module using 
ribbon based soldering technique. The ribbon width for BiSoN cells was 1.5 mm (just covering the busbars area) 
whereas for ZEBRA the ribbon width was 4 mm. Thus, the total shaded area (ribbon plus fingers) accounts for 
approximately 8% of BiSoN surface, but for about 29% from ZEBRA back side surface. After measuring the mini-
modules indoor under STC conditions, they were then installed outdoor in Konstanz, facing south, in a slanted 
configuration (with 30° inclination) on the ground having a typical reflectivity (300-1200 nm) of 70%. Figure 4 (left) 
shows the normalized power output (Pmax/PSTC) over a typical sunny day for both, monofacial (black BS) as well as 
bifacial (transparent BS) minimodules. The indirect irradiance reaching the back side of the modules was monitored 
using a reference module of the same type mounted facing down and accounts for typical 20% from the direct 
irradiance reaching the front side of the modules. As can be seen from the figure 4 (left) both BiSoN and ZEBRA 
bifacial modules show a significant power gain over the entire day. In figure 4 (right) the energy yield (in Wh/Wp) 
from this test is given. For bifacial BiSoN that is approx. 19% whereas for ZEBRA it is 15%. Despite of its all back 
contact architecture, ZEBRA cell concept has an outstanding bifacial performance, as demonstrated in this test. 
Fig. 4: One day outdoor measurements of bifacial and monofacial BiSoN and ZEBRA 4-cell minimodules (left). Energy yield (Wh/Wp) 
comparison (right).  
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4. Conclusions 
We compared the performance of our n-PERT (BiSoN) and IBC (ZEBRA) cell concepts with respect to the 
material quality and base resistivity, best and average cell performance, and bifaciality at cell and module level. We 
observed only a slight variation in cell performance of less than 3%relative for a wide range of starting material 
specification, with no significant difference between the BiSoN and the ZEBRA cell concept. In average, ZEBRA 
concept gives 0.85%absolute higher efficiency than BiSoN, mainly as a result of higher JSC values. Moreover, despite 
of its all back contact architecture, ZEBRA has also an outstanding bifacial performance. Bifacial ZEBRA modules 
can generate as high as 15% more energy yield (Wh/Wp) compared with the monofacial modules with similar cells. 
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